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Occurrence and clinical significance of endocardial
late potentials and fractionations in idiopathic dilated
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SUMMARY In order to assess the occurrence and clinical significance ofabnormal electrograms in
idiopathic dilated cardiomyopathy, endocardial electrode mapping during sinus rhythm and
programmed ventricular stimulation were performed in 52 patients with or without clinical
ventricular tachycardia. Abnormal endocardial electrograms were recorded in 77% of the patients
and were diffusely distributed over the entire left ventricular endocardium. No relation could be
established between the occurrence of late potentials or fractionations and clinical or induced
arrhythmias. Endomyocardial biopsy samples were taken from 20 patients and showed that
reduced myofibril volume fraction was related to the occurrence of abnormal endocardial electro-
grams. Neither induced arrhythmias nor the presence of late potentials or fractionations
identified patients who died of sudden cardiac death during the mean (SD) follow up of 33 (11)
months.
Thus abnormal endocardial electrograms recorded during sinus rhythm in idiopathic dilated

cardiomyopathy may only be interpreted as being a sign of damage to the myocardial cells.

Left ventricular endocardial electrode mapping was
developed as a means of locating the origin of
ventricular tachycardia before resection. So far most
of those investigated by this technique have been
patients with coronary artery disease with and
without a history of ventricular tachycardia or
myocardial infarction, 1-3 patients with a normal left
ventricle,45 with conduction defects,6 and with
hypertrophic cardiomyopathy.7 There are limited
data on patients with idiopathic dilated cardio-
myopathy.8

It has been suggested that endocardial delayed
electrical activity represents an electrophysiological
predisposition to ventricular slow conduction.
Because slow conduction is regarded as the prereq-
uisite for reentry, and recurrent ventricular tachy-
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cardia is probably a reentrant arrhythmia, the
detection of delayed electrical activity was assumed
to distinguish patients with ventricular tachycardia
from those without.9

Ventricular arrhythmia is common in patients
with dilated cardiomyopathy.'0-2 Many of them
die suddenly and unexpectedly.'3 14 Little informa-
tion is available about the relation ofabnormal endo-
cardial electrograms to clinical and induced arrhyth-
mias in this disease. Furthermore, there is
uncertainty about the prognostic importance of
these findings.
This prospective study was performed in

unselected patients with idiopathic dilated cardio-
myopathy. We tried to answer the following ques-
tions. (a) How commnon are abnormal endocardial
electrograms in idiopathic dilated cardiomyopathy?
(b) Are these signs associated with clinical and
induced ventricular arrhythmias? (c) Can their
occurrence be related to histological and mor-
phological findings? (d) What is the prognostic
importance of these abnormal endocardial electro-
grams?
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Patients and methods

STUDY POPULATION
The study population consisted of 52 patients (44
men and eight women; mean age of 49 (23-67). The
diagnosis of idiopathic dilated cardiomyopathy was
based on the following criteria:
(a) clinical symptoms or signs of congestive heart

failure that is >,class II of the New York Heart
Association.

(b) Echocardiographical and radiological evidence
of cardiomegaly (cardiothoracic ratio > 0 5).

(c) Reduced left ventricular ejection fraction.
(d) Absence of coronary artery disease confirmed

by selective coronary angiography.
(e) Absence of valve lesions except for mild and

moderate mitral regurgitation.
(f) Absence of specific heart muscle disease, gen-

eral systemic disease, hereditary and familial
disorders, systemic hypertension, or cor pul-
monale.

(g) Positive histological and morphological
findings in cardiac biopsy specimens.

All patients had normal concentrations of serum
electrolytes. Antiarrhythmic treatment had been
discontinued for at least three days before the
investigations. No patient was on amiodarone at that
time. All patients were informed of the purpose of
the study and gave their written consent.

CLINICAL AND HAEMODYNAMIC FINDINGS
Seventeen (3300) patients were classified as New
York Heart Association functional class II, 29 (56%)
as class III, and six (11%) as class IV. The mean
(1SD) left ventricular ejection fraction at cardiac
catheterisation was 38 (13)%.
The electrocardiograms taken at rest showed

atrial fibrillation in 12 patients (23%) and sinus
rhythm in 40 (770%). Intraventricular conduction
delay was present in 25 patients (490%). Eighteen
(35%) had complete left bundle branch block, four
(8%) left axis deviation, and three (6%) right bundle
branch block. Electrocardiographic signs of left ven-
tricular hypertrophy were seen in 19 (370o) and of
hypertrophy of both ventricles in 11 patients (21 %).

CLINICAL ARRHYTHMIAS
Fourteen (27%) patients had a history of sustained
ventricular tachycardia confirmed either by an elec-
trocardiogram taken at rest, a 24 hour ambulatory
electrocardiogram, or on the electrocardiograph
monitor in the intensive care unit. In all of them
complex ventricular arrhythmias were also seen dur-
ing 24 hour ambulatory monitoring at the beginning
of the study. Of the remaining 38 patients, 19 (37%)
had 2-472 (median 20) episodes of non-sustained
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ventricular tachycardia consisting of 3-20 con-
secutive ventricular extrasystoles at a rate of
150-210 per minute. The other 19 patients showed
no ventricular tachycardia: in five of them, 1-27 epi-
sodes of ventricular bigeminy were seen during
monitoring, five had multiform and five uniform
single ventricular extrasystoles and only three
showed no ventricular arrhythmias at all. Patients
with atrial fibrillation had a lower grade of arrhyth-
mias. Only one of them had multiform ventricular
extrasystoles and ventricular bigeminy.
No relation was found between the impairment of

left ventricular function and the occurrence or com-
plexity of ventricular arrhythmias. The patients
with clinical sustained ventricular tachycardia had a
mean (1SD) ejection fraction of 38 (13)0%, in those
with non-sustained tachycardia it was 35 (13)%, and
in patients without such arrhythmias it was 41
(101)%.

PROGRAMMED VENTRICULAR STIMULATION
Programmed stimulation was performed at the right
ventricular apex. The stimulation protocol included
the application of one and two premature extra-
stimuli during sinus rhythm and at five basic driven
cycle lengths (SIS1:600, 500, 428, 375, 330 ms).
Furthermore, incremental pacing with 250
beats/min for 6 s and 250-300 beats/min for 12s was
performed. The end point of testing was either the
initiation of sustained ventricular tachycardia or
refractoriness.
The induced ventricular responses were defined

as follows: short ventricular response, initiation of 2-4
consecutive non-paced ventricular extrasystoles;
non-sustained ventricular tachycardia, initiation of
) 5 extrasystoles with a rate of ) 100 beats/min,
lasting < 30 s, and with no intervention required for
termination; sustained ventricular tachycardia, ini-
tiation of ventricular extrasystoles with a rate of
> 100 beats/min, lasting > 30 s or requiring termi-
nation by programmed stimulation or cardioversion
before then because of deterioration in haemo-
dynamic function.

ENDOCARDIAL CATHETER MAPPING
After cardiac catheterisation and before pro-
grammed ventricular stimulation, endocardial elec-
trode mapping of the left ventricle was performed
during sinus rhythm. Figure 1 shows the mapping
scheme used. In each patient endocardial electro-
grams were recorded from 8-12 (mean 10) different
catheter positions. The recording period at each site
was 15-30s with the mapping electrode in a stable
position. A fixed gain (1 mm - 40 mV) and band pass
filtering of 50-500 Hz were used.
The abnormal endocardial electrograms were
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Fig 1 Mapping scheme for endocardial catheter mapping.
The 11 sites represent segmental areas of the left
ventricle (L V) determined by 30° right anterior oblique
(RAO) (sites 1-6) and 60° left anterior oblique (LAO)
projection (sites 7-11). 1 = anterobasal, 2 = anteromedial,
3 = anteroapical, 4 = inferoapical, 5 = inferomedial, 6 =

inferobasal, 7 = septobasal, 8 = septoapical, 9 =
posterolateral apical, 10 = posterolateral medial, 11 =

posterolateral basal. LA, left atrium, AO aorta.

defined as follows: late potential, well defined local
deflection with an amplitude >,100 ,V >lOOms
after the beginning of the QRS complex (that is after
the J point); fractionation, polyphasic primarily low
amplitude deflection lasting > 50 ms.

ENDOCARDIAL BIOPSY
Immediately after the electrophysiological studies or
the day after cardiac catheterisation, biopsy samples
were taken from the left ventricular wall of 20
patients by means of the King's College bioptome.
The technique for estimating the volume fraction of
myofibrils has been described in detail elsewhere.15

FOLLOW UP
The patients were followed up over a mean (1 SD)
period of 33 (11) (9-48) months. All patients with
ventricular tachycardia and four out of five with
ventricular bigeminy were treated with anti-
arrhythmic drugs at normal dosages, independent of
the response to programmed ventricular stimulation
(propafenone (median dose 600 g), amiodarone
(median dose 300 g), mexiletine (median dose 600 g);
quinidine (median dose 1000 mg); flecainide
(median dose 300 g); sotalol (160 mg); disopyramide
(600 mg)). Treatment was started empirically and
monitored by 24 hour ambulatory electro-
cardiography. Patients attended as outpatients. If
this was not possible, their referring physicians were
contacted. Sudden cardiac death was defined as car-
diac death within an hour of the onset of new symp-
toms.

STATISTICAL ANALYSIS
Data were expressed as mean (1SD), or, when they

had an asymmetrical distribution, as median and
range. Statistical methods included X2 analysis, the
Wilcoxon U test for independent samples, and the H
test of Kruskal and Wallis. P values of < 0-05 were

regarded as significant for two tailed tests.

Results

PROGRAMMED VENTRICULAR STIMULATION
A repetitive ventricular response was induced in 28
(54%) patients. In 20 (390o) patients there were
short responses and in eight (15%) patients ventric-
ular tachycardia; this was sustained in three and
non-sustained in five. The rate of the tachycardia
was > 200 beats per minute in six of the eight
patients. In no case was ventricular fibrillation
induced directly.
The impairment of left ventricular function did

not influence the result of programmed stimulation.
The left ventricular ejection fraction in patients with
a negative result was 37 (12)%, in patients with 2-4
induced ventricular extrasystoles it was 40 (12)%,
and patients with inducible ventricular tachycardia
had a mean ejection fraction of 38 (17)%.

CLINICAL AND INDUCED ARRHYTHMIAS
No clear correlation was found between the number
of ventricular extrasystoles induced by programmed
stimulation and the type of clinical arrhythmia;
except that the induction of sustained ventricular
tachycardia was only seen in patients who had sus-
tained ventricular tachycardia clinically (table 1).

ENDOMYOCARDIAL BIOPSY
An endomyocardial biopsy specimen was obtained
from 20 patients. None of the biopsy samples
showed any evidence of myocarditis or myocardial
storage disease. In 11 patients the volume fraction of
myofibrils was <600%, and in nine it was >600%.
The clinical characteristics of the patients under-
going endomyocardial biopsy were no different from
those of the whole study population. Left ventricu-
lar ejection fraction and the frequency of clinical or

Table 1 Results ofprogrammed ventricular stimulation in
relation to clinical arrhythmias

Repetitive ventricular response

O (%) 2-4 (%) >5 (%) Total(%)

Sustained VT 5 (36) 6 (43) 3 (21) 14 (100)
Non-sustained VT 7 (37) 10 (53) 2 (10) 19 (100)
No VT 12 (63) 4 (21) 3 (16) 19 (100)
Total 24 (46) 20 (39) 8 (15) 52 (100)

VT, ventricua tach3cardia

A Aio LA

LA
L3V LV

300RAO 600 LAO
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Table 2 Clinical characteristics of 20 patientsfrom whom
endomyocardial biopsy samples were taken and the
corresponding myofibril volume fraction

Myofibril volume fraction

,60% >60% Total
(n = 11) (n = 9) (n = 20)

LVEF(%) 37 (15) 38 (13) 37 (14)
Clinical arrhythmia:

Sustained VT 1 3 4
Non-sustained VT 6 2 8
No VT 4 4 8

RVR:
0 5 3 8
2-4 6 5 11

> 1 1

LVEF, left ventricular ejection fraction; VT, ventricular
tachycardia; RVR, repetitive ventricular response.

induced arrhythmias (table 2) were no different in
patients with a volume fraction of myofibrils <60%
and those with a volume fraction > 60%.

ENDOCARDIAL ELECTRODE MAPPING DURING

SINUS RHYTHM
Endocardial electrograms of the left ventricle were
obtained from 513 electrode positions from biplanar
right and left anterior oblique projections. Abnor-
mal electrograms were recorded in 40 patients
(77%). Twenty eight (54%O) patients showed late
potentials and 12 (23%) showed late potentials and
fractionations. Late potentials had a median ampli-
tude of 340 pV (100-500 pV); the median duration of
fractionations was 95 ms (range 55-270 ms).
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Table 3 shows the frequency of late potentials and
fractionations in relation to the mapping site at
which they were recorded. Late potentials were

found at 161 of 513 electrode positions whereas frac-
tionations were only seen in 16 electrode positions.
Both signs of delayed electrical activity were distrib-
uted over the entire endocardium of the left ventricle
without being concentrated at any one site.

ABNORMAL ENDOCARDIAL ELECTROGRAMS
AND CLINICAL ARRHYTHMIAS
The occurrence of abnormal endocardial electro-
grams was not associated with a higher grade of ven-
tricular arrhythmia (fig 2). Five (36%) of 14 patients
with sustained ventricular tachycardia had normal
endocardial electrograms; whereas only one (5%o)
patient without clinical tachycardias did not have
late potentials or fractionations.

ABNORMAL ENDOCARDIAL ELECTROGRAMS
AND INDUCED ARRHYTHMIAS
There were no significant differences in the occur-

rence of abnormal endocardial electrograms between
patients with induced ventricular tachycardia, those
with short repetitive responses, and those in whom
the response to programmed stimulation was nega-
tive (table 4). In 20 of 40 patients with abnormal
endocardial electrograms, no ventricular response
could be induced; whereas, in two patients with nor-

mal endocardial electrograms, ventricular tachy-
cardia was induced and in six short responses were

initiated. All patients in whom sustained ventricular

Table 3 Occurrence of endocardial late potentials (LP) andfractionations (FR) at different left ventricular mapping sites
in relation to the total number of electrode positions

No of catheter
Mapping site LP FR Table(k ) positions (100%)

Right anterior oblique
1 15 4 19 (35) 55
1-2 7 7 (54) 13
2 22 4 26 (36) 73
2-3 10 10 (53) 19
3 17 17 (36) 47
3-4 8 - 8(47) 17
4 17 1 18 (40) 45
4-5 4 1 5 (63) 8
5 18 3 21 (40) 52
5-6 8 - 8 (30) 27
6 35 3 38 (24) 157

Total 161 16 177 (35) 513

Left anterior oblique
7 8 1 9 (15) 61
7-8 8 - 8(27) 30
8 20 5 25(33) 76
8-9 9 1 10 (28) 36
9 41 41 (46) 90
9-10 15 1 16(62) 26
10 33 4 37 (41) 91
10-11 1 2 13 (34) 38
11 16 2 18 (28) 65
Total 161 16 177 (35) 513
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Fig 2 Endocardial late potentials (LP) andfractionations
(FR) in relation to clinical arrhythmias. sVT, sustained
ventricular tachycardia, nsVT, non-sustained ventricular
tachycardia.

tachycardia was induced had abnormal endocardial
electrograms.

ABNORMAL ENDOCARDIAL ELECTROGRAMS
AND ENDOMYOCARDIAL BIOPSY . -

Fourteen (70%) of the 20 patients who had endo-
myocardial biopsy showed abnormal endocardial
electrograms. The distribution of late potentials and
fractionations was similar to that of the whole study
population.
The volume fraction of myofibrils had a

significant effect on the presence of endocardial late
potentials and fractionations. Ten (91%) of 11
patients with a myofibril volume fraction of < 60%
had abnormal endocardial electrograms, whereas

Table 4 Results ofprogrammed ventricular stimulation in
relation to the presence of endocardial late potentials (LP)
andfractionations (FR)

Repetitive ventricular response

0 2-4 >5 Total (%)

No LP or FR 4(33) 6 (50) 2 (17) 12(100)
LP 16(57) 7 (25) 5 (18) 28 (100)
FR 4 (33) 7 (58) 1 (9) 12(100)
Total(%) 24 (46) 20 (39) 8 (15) 52 (100)

n60%
n =11

>60%
n=9

Endocordial electrogrcmis

X2=4.83>X2 1;o.o5=384
Fig 3 Occurrence of abnormal endocardial electrograms in
relation to the volume fraction of myofibrils in
endomyocardial biopsy samples takenfrom 20 patients.

only four (44%) out of nine patients with a volume
fraction > 60% did (p < 0 05) (fig 3).

FOLLOW UP
During a mean follow up of 33 (11) months, nine
(17%) patients died: five of congestive heart failure,
three of sudden cardiac death, and one from immu-
nological complications after a cardiac transplant.
The mean survival time (from the beginning of the
study) was 15 (10) (1-25 months). Antiarrhythmic
management was similar in patients who died and
those who survived.

All patients who died had a significantly reduced
left ventricular ejection fraction (< 40%) (p < 0-02).
Three of five patients who died of congestive heart
failure and all three with sudden cardiac death had
clinical ventricular tachycardia. Programmed ven-

Table 5 Clinical characteristics ofpatients who died of sudden cardiac death (SCD) or of congestive heart failure (CHF)
and of those who survived

Age (y) LVEF(0%)
No (mean (SD)) (mean (SD)) sVT(%) nsVT(%) RVR >5 LP LP+FR

Survivors 42 47 (13) 40(13)* 11(26) 14(33) 7(17) 23 (55) 10(24)
Dead:
SCD 3 57 (4) 27 (7) 1(33) 2 (67) - 1(33) 1(33)
CHF 5 49 (15) 31 (9) 2 (40) 1(20) - 3 (60) 1(20)

*p < 0.02 vs those who died.
Two patients who underwent a cardiac transplant were excluded.
LVEF, left ventricular ejection fraction; sVT, sustained ventricular tachycardia; nsVT, non-sustained ventricular tachycardia;
RVR, repetitive ventricular response; LP,late potential; FR, fractionation.

~ 60.

40a.40
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tricular stimulation induced a short response with
three consecutive extrasystoles in one of the patients
with sudden cardiac death and in two of the five who
died of congestive heart failure. In all other patients
who died, the response to programmed ventricular
stimulation was negative. The incidence of abnor-
mal endocardial electrograms was not significantly
different in patients who died and those who sur-
vived (table 5).

Discussion

Endocardial catheter mapping is a newer method for
evaluating abnormal endocardial electrograms.
Recent studies in patients with recurrent ventricular
tachycardias have focused on abnormal endocardial
electrograms as the electrophysiological basis for
these rhythm disturbances. So far a preponderance
of patients with coronary artery disease have been
investigated. Little information is available on the
occurrence and clinical significance of abnormal
endocardial electrograms in idiopathic dilated car-
diomyopathy.

CLINICAL AND INDUCED ARRHYTHMIAS
Like others, we confirmed that ventricular arrhyth-
mias are common in idiopathic dilated cardio-
myopathy; and like Huang et al'0 and Meinertz et
al" we did not find a correlation between a reduced
left ventricular ejection fraction and clinical tachy-
cardia.
There was a poor correlation between clinical and

induced arrhythmias. Meinertz et al used the same
stimulation protocol in 42 patients with dilated car-
diomyopathy.'6 Fifteen had clinical ventricular
tachycardia, but > 6 ventricular extrasystoles could
not be induced in any of them. None the less, they
induced ventricular tachycardia in three out of 27
patients with low grade arrhythmias. Cassidy et al
investigated 26 patients with idiopathic dilated car-
diomyopathy in a study population of 158 patients.8
They used a stimulation protocol of up to three
extrastimuli. Twenty four of 26 patients had
confirmed ventricular tachycardia or cardiac arrest.
Ventricular tachycardia (> 3 extrasystoles) or ven-
tricular fibrillation was induced in 68%. Thus the
reproducibility of clinical ventricular tachycardia in
idiopathic dilated cardiomyopathy is lower than in
coronary artery disease.'7

ABNORMAL ENDOCARDIAL ELECTROGRAMS
AND CLINICAL ARRHYTHMIAS
Abnormal endocardial electrograms were recorded
in 770% of our study population. Fifty four per cent
had late potentials and 23% had both late potentials
and fractionations. A low incidence of fractionated
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activity was recently reported by Cassidy et
al8-fractionated electrograms lasting > 70 ms were
found in only 12%. Waxman and Sung"8 and
Josephson et al'9 reported on individual patients
with idiopathic dilated cardiomyopathy and recur-
rent sustained ventricular tachycardia. In both of
them the endocardial electrograms were abnormal.
Although we often saw abnormal endocardial

electrograms and ventricular arrhythmias, there was
no clear correlation between these two findings.

ABNORMAL ENDOCARDIAL ELECTROGRAMS
AND INDUCED ARRHYTHMIAS
We found that endocardial late potentials or frac-
tionations did not influence the result obtained with
programmed ventricular stimulation. Only when
patients had clinical and induced sustained ventricu-
lar tachycardia was it possible to consider late poten-
tials as the electrophysiological basis for the arrhyth-
mia. But such an interpretation must be qualified,
because in two patients without late potentials or
fractionations non-sustained ventricular tachycardia
was induced and in 20 patients with abnormal endo-
cardial electrograms the response to programmed
ventricular stimulation was negative. In Cassidy et
al's study fractionated activity was only seen in
patients with induced sustained ventricular tachy-
cardia.8

ABNORMAL ENDOCARDIAL ELECTROGRAMS
AND ENDOMYOCARDIAL BIOPSY
The striking result was that patients with a myofibril
volume fraction of < 60% had a significantly higher
occurrence of abnormal endocardial electrograms.
The signs of delayed electrical activity were not con-
centrated at any particular site.

Studies of endomyocardial biopsy specimens have
shown that the myofibril volume fraction deter-
mined in one biopsy sample is representative of the
rest of the heart.20 The conclusion is that both
abnormal endocardial electrograms and the reduced
volume fraction of myofibrils are expressions of
damage to myocardial cells.

PROGNOSTIC SIGNIFICANCE OF
ELECTROPHYSIOLOGICAL FINDINGS
The main causes of death in idiopathic dilated car-
diomyopathy are intractable congestive heart failure
and sudden cardiac death.'3 142i Like other
studies"1 12 22 we found that compared with those
who survived, patients who died during the mean
follow up of 33 (11) months had a significantly
reduced left ventricular function. There was no
difference in ventricular function between patients
who died of sudden cardiac death and those who
died of congestive heart failure.
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Cases of sudden cardiac death could not be clearly
identified by clinical arrhythmias in life. All of these
patients had clinical ventricular tachycardia, but the
presence ofventricular tachycardia in dilated cardio-
myopathy did not identify patients with an increased
risk of sudden cardiac death. Von Olshaitsen et al
reported similar results.'2 During a mean follow up
of 12 (5) months, three out of 60 patients died sud-
denly; two ofthem had ventricular bigeminy. Neri et
al recently confirmed this result.22
The result obtained from programmed ventricu-

lar stimulation with up to two extrastimuli was not a
reliable method of predicting sudden cardiac death.
Ventricular tachycardia had not been induced in any
of the cases of sudden cardiac death. In the study of
Meinertz et al, seven of 42 patients died during the
follow up of 16 (7) months; two of sudden cardiac
death. No patient had inducible ventricular tachy-
cardia.
As far as we know there are no data on whether

abnormal endocardial electrograms in idiopathic
dilated cardiomyopathy are of prognostic
importance for sudden cardiac death. In our study
population, the frequency of abnormal endocardial
electrograms was similar in these cases and in those
who died of congestive heart failure and in those
who survived.

Figulla et al recently pointed out that a reduced
myofibril volume fraction was the most significant
factor that influenced the haemodynamic course-
deterioration, stabilisation, or improvement.'5
Because a myofibrillar volume fraction of <60%
was more common in patients with abnormal endo-
cardial electrograms, it might be that these findings
are also related to a deterioration of haemodynamic
function. This assumption is only speculative
because only two ofthe patients who died had had an
endomyocardial biopsy, and this relation was found
in only one. On the other hand, two patients
who died (one of sudden cardiac death and one of
congestive heart failure) had normal endocardial
electrograms. Further studies are required to
establish whether abnormal endocardial electro-
grams identify patients with dilated cardiomyopathy
whose haemodynamic function will worsen.

Conclusion

Abnormal electrograms recorded by means of endo-
cardial electrode mapping during sinus rhythm are
common in patients with dilated cardiomyopathy.
We found there is no clear correlation between their
occurrence and clinical or induced ventricular
arrhythmias. Abnormal endocardial electrograms do
not seem to be of prognostic value for sudden
cardiac death. Therefore, it is doubtful whether
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they represent the electrophysiological basis of
ventricular arrhythmias in dilated cardiomyopathy.
Our results suggest that they may merely be a sign of
myocardial damage.
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